Abstract: Type 2 diabetes mellitus is characterized by insulin resistance and progressive β cell failure; therefore, β cell secretagogues are useful for achieving sufficient glycemic control. Glimepiride is a second-generation sulfonylurea that stimulates pancreatic β cells to release insulin. Additionally, is has been shown to work via several extra pancreatic mechanisms. It is administered as monotherapy in patients with type 2 diabetes mellitus in whom glycemic control is not achieved by dietary and lifestyle modifications. It can also be combined with other antihyperglycemic agents, including metformin and insulin, in patients who are not adequately controlled by sulfonylureas alone. The effective dosage range is 1 to 8 mg/day; however, there is no significant difference between 4 and 8 mg/day, but it should be used with caution in the elderly and in patients with renal or hepatic disease. In clinical studies, glimepiride was generally associated with lower risk of hypoglycemia and less weight gain compared to other sulfonylureas. Glimepiride use may be safer in patients with cardiovascular disease because of its lack of detrimental effects on ischemic preconditioning. It is effective in reducing fasting plasma glucose, post-prandial glucose, and glycosylated hemoglobin levels and is a useful, cost-effective treatment option for managing type 2 diabetes mellitus.
Introduction
Diabetes is a major public health problem affecting 285 million people worldwide. 1 The prevalence of diabetes is projected to double globally by 2030. 2 Complications of diabetes include renal failure, neuropathy and peripheral vascular disease with potential for loss of limbs, retinopathy with increased risk of blindness, and an increased risk of cardiovascular disease and stroke, which are related to poorly controlled diabetes. 3 Good glycemic control can prevent or delay chronic disease-related microvascular complications as shown by the United Kingdom Prospective Diabetes Study (UKPDS) and the landmark Diabetes Control and Complications Trial. 4, 5 The pathophysiology of type 2 diabetes mellitus (T2DM) is characterized by relative decrease in insulin secretion and/or insulin resistance. Insulin resistance is a complex phenomenon exacerbated by obesity, particularly central obesity, and is believed to start at a young age because hyperinsulinemia is observed in preteens when both parents have diabetes. 6 T2DM results in progressive loss of insulin secretion and the UKPDS showed that $50% loss of β cells had occurred by the time of diagnosis; therefore, β cell secretagogues are useful for achieving sufficient glycemic control. 7, 8 The American Diabetes Association/European Association for the study of Diabetes presented a consensus algorithm for managing T2DM (Figure 1 ) based on expected glycosylated hemoglobin (HbA 1c ) levels. 9 International Diabetes Federation guidelines for the management of T2DM also recommend lifestyle modifications in the initial stages, and addition of metformin or sulfonylurea is then recommended if additional therapy is required (Figure 2 ). 10 The goals of pharmacologic therapy in diabetes are to achieve good glycemic control while avoiding hypoglycemia and weight gain so as to decrease the risk of future micro-and macrovascular complications.
Clinicians have a choice of a number of available glucose-lowering agents for managing T2DM which have been shown to be effective and well-tolerated in clinical practice (Table 1) .
Methodology
The primary objective of this review is to assess the efficacy and safety of glimepiride, primarily from a clinical viewpoint, while considering clinically relevant end points.
A MEDLINE database search (January 1994 to December 2011) was performed to identify relevant published articles, including reviews and abstracts evaluating glimepiride for treating patients with T2DM (Table 2) . Data from animal studies were also included if human data were not available. Reference lists of identified articles were also consulted. An occasional systematic review article and/or meta-analysis summarizing numerous clinical trials were selected for summarizing key data. Pharmacology information was taken from representative original articles.
Initially, all articles mentioning the drug glimepiride were considered for review. Forty-five clinical trials were used to If needed to reach individualised HbA 1c target after ~3 months, proceed to three-drug combination (order not meant to denote any specific preference):
If combination therapy that includes basal insulin has failed to achieve HbA 1c target after 3-6 months, proceed to a more complex insulin strategy, usually in combination with one or two non-insulin agents: describe the clinical efficacy and safety of glimepiride. Clinical studies were selected for analysis based on methodological quality, appropriate study design, and publication of results.
Introduction of compounds
Sulfonylureas (SUs) are widely used in the management of T2DM as insulin secretagogues and are named for their common core configuration. They are classified as first-and secondgeneration SUs. First-generation SUs include long-acting chlorpropamide, tolbutamide, tolazamide, and acetohexamide. Substitutions at either end of the compound result in pharmacologic and pharmacokinetic differences among SUs. The drug is primarily metabolized in the liver by CYP2C9 to the active M 1 (hydroxyl) metabolite and then to inactive M 2 (carboxy) metabolite. Excretion
The main route of excretion is through kidneys. A total of 60% of the metabolites are excreted in urine (predominantly M 1 ) and remainder in feces (predominantly M 2 ). Although other SUs are used with insulin, glimepiride is the only SU approved by FDA for use in combination with insulin. It is used in more than 60 countries worldwide. Treatment with glimepiride as monotherapy results in a 1.5%-2.0% reduction in HbA 1c . 11, 12 Pharmacokinetic properties of glimepiride are shown in Table 2 .
Pharmacodynamics

Pancreatic effects
Glimepiride acts at ATPase-dependent potassium channels in β cells of the pancreas to stimulate insulin release.
14 using euglycemic and hyperglycemic clamp studies it has been shown to improve both first-and second-phase insulin secretion. 15 Glimepiride binds to 65-kD proteins on β cells. In healthy volunteers, a linear relationship was shown between serum glimepiride concentrations and insulin release during euglycemia and a nearly linear relationship under hyperglycemic conditions. 16, 17 Maximal glucose-lowering activity and insulin level in T2DM patients is achieved within 2-3 hours of taking glimepiride and can last for 24 hours. 16 In a 14-week clinical study, peak concentrations 2 hours after administration of 1, 4, and 8 mg doses of glimepiride were associated with decreases in median fasting plasma glucose (FPG) of 43, 70.5, and 74 mg/dL, respectively. 12 Glimepiride reduces blood glucose levels and increases insulin levels in blood. A 3-day study of 14 T2DM patients found greater reductions in blood glucose (4.1 vs 1.9 mmol/L) and increase in C-peptide (1.8 vs 1.4 mg/L) and plasma insulin (41 vs 25 mu/L) with 2 mg/day glimepiride compared to placebo (P , 0.05). 18 Hypoglycemia after exercise while taking glimepiride was observed in 167 patients with T2DM. 19 This was associated with a greater reduction in insulinemia than glibenclamide during exercise, despite similar reductions in blood glucose.
Glimepiride may be taken before or after breakfast with similar results. The efficacy of 2 mg/day glimepiride for 2 weeks on blood glucose levels was not significantly different over a period of 0-4 hours when the drug was given either immediately before breakfast or 30 minutes after breakfast. 20 
Extrapancreatic effects
The extrapancreatic effects of glimepiride are similar to those of other sulfonylureas. Although peripheral tissue response to insulin is potentiated like other SUs, the clinical relevance of this is not yet clear. 21, 22 In in vitro studies, glimepiride was found to be two times as potent as glibenclamide in stimulating lipogenesis and glycogenesis. 23 Studies in cultured skeletal muscle also suggest a sensitizing effect of glimepiride. 24 Possible mechanisms include promotion of GLUT4 transport protein activation and/or translocation in fat and muscle. 16, 22 Glimepiride reduced insulin resistance and increased hepatic glucose disposal in animal models, but showed no effect in glucose utilization in patients with type 1 diabetes. 25 
Cardiovascular effects
Glimepiride appears to cause fewer cardiovascular effects than other SUs. 16 It was found to be associated with few submit your manuscript | www.dovepress.com cardiac changes, fewer ventricular arrhythmias, and little or no effect on blood pressure compared to glyburide and glipizide in animal studies. 23 The exact mechanism of this difference in cardiovascular activity is not clear; however, involvement of adenosine triphosphate-sensitive potassium (KATP) channels are thought to play an important role. 24, 25 Unlike other SUs, glimepiride does not impair ischemic preconditioning of cardiac myocytes. Ischemic preconditioning is an adaptive phenomenon which occurs in response to an ischemic event and delays infarct development during subsequent ischemic episodes, which may help limit tissue damage. 26 The postulated mechanism involves selective interaction of glimepiride with sacrolemmal ATP dependent potassium channels in cardiac myocytes rather than mitochondrial channels. 27 Evidence suggests that glimepiride preserves myocardial preconditioning, a protective mechanism that limits damage in the event of an ischemic event.
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14 Data from animal studies suggests that the effects of glimepiride on KATP channels, cardiac vessels, or blood vessels were insignificant compared to that caused by the same dosage of glyburide. 28 Similarly, glimepiride has less of an effect in promoting ST segment elevation, enhancing coronary resistance and reducing coronary blood flow compared to glyburide or gliclazide. 29 Thus, using glimepiride may be safer than other SUs in cardiac patients due to its lack of detrimental effects on cardiac preconditioning.
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Clinical efficacy
The drug has been assessed in placebo-controlled studies as monotherapy and compared with other SUs and insulin in T2DM patients. Most studies examined FPG, post-prandial glucose (PPG), and HbA 1c . Some studies included plasma lipids, serum insulin, or fasting C-peptide levels.
Glimepiride as monotherapy
To assess the efficacy of glimepiride in T2DM, Goldberg et al randomized 304 patients to receive either placebo or one of the three doses (1, 4, or 8 mg) of glimepiride during a 14-week study period. 29 All glimepiride regimens significantly reduced FPG, PPG, and HbA 1c values (P , 0.001) compared to placebo by the end of the study period. Median changes in FPG levels were 43, 70, and 74 mg/dL at glimepiride doses of 1, 4, and 8 mg, respectively. HbA 1c levels were lowered by 1.2%, 1.8%, and 1.9%, and the corresponding decreases in PPG were 63, 92, and 94 mg/dL, respectively. The 4-and 8-mg doses of glimepiride were more effective than the 1-mg dose; however, the 4-mg dose provided a nearly maximal antihyperglycemic effect.
Another study showed equal effects on FPG, PPG, HbA 1c , C-peptide, and insulin levels in a cross-over study of 98 patients treated with glimepiride. 31 The only significant difference was observed in glucose levels throughout the day, which were lower with a once daily dose compared to a twice daily dosage. The opposite results were observed by Rosenstock et al 31 who found a significant decrease in FPG submit your manuscript | www.dovepress.com Dovepress Dovepress by 0.6 mmol/L with glimepiride when it was given twice daily compared to once daily dosage. Another multicenter, randomized, placebo-controlled clinical trial by Schade et al studied glimepiride (1-8 mg) titrated over 10 weeks compared with placebo in T2DM subjects who were not controlled by diet alone. 32 In this study, glimepiride lowered FPG by 46 mg/dL, PPG by 72 mg/dL, and HbA 1c by 1.4% more than the placebo (P , 0.001). Good glycemic control (HbA 1c , 7.2%) was achieved in 69% of glimepiride subjects compared to 32% of controls. C-peptide levels and non-fasting insulin levels were also increased in the study subjects.
Glimepiride monotherapy reduced both FPG and PPG levels more than placebo and once daily administration is equivalent to twice daily dosing. Studies also suggest that glimepiride controls blood glucose level throughout the day through its effect on stimulating insulin release, which appears to be greater 2 h after meals than under fasting conditions. These findings suggest that glimepiride enhances insulin and C-peptide secretion under physiologic conditions.
Combination therapy for treating T2DM is now a recommended practice as the disease progresses. 10, 33 Several studies have examined the combination of glimepiride with other oral hypoglycemic agents with different mechanisms of action for good glycemic control when monotherapy fails. [33] [34] [35] In a study involving 372 patients with poorly controlled T2DM, glimepiride was added to metformin monotherapy. Study subjects were divided into three groups: metformin group, glimepiride group, metformin plus glimepiride group. In this study, a combination of glimepiride and metformin was shown to be more effective for controlling blood glucose levels compared to the use of either drug alone. 33 Combination treatment was significantly more effective in controlling HbA 1c (% change +0.07 ± 1.20 for metformin, +0.27 ± 1.10 for glimepiride, −0.74 ± 0.96 for combination treatment, P , 0.001). No significant difference was observed between metformin or glimepiride monotherapy with respect to change in HbA 1c or fasting blood glucose; however, glimepiride was significantly more effective than metformin in reducing postprandial blood glucose. Episodes of symptomatic hypoglycemia was also higher in the combination group than in either monotherapy group (P = 0.039).
Comparison with thiazolidinediones
Combination therapy with rosiglitazone plus glimepiride versus rosiglitazone plus placebo was evaluated in a multicenter, double-blind, placebo-controlled study. 34 A target HbA 1c of ,7% was achieved in the glimepiride group and no significant difference was observed in adverse events between the two groups. Metformin plus glimepiride versus metformin plus pioglitazone was studied in another study by Umpierrez. 35 In both treatment groups, a similar decrease in mean HbA 1c (P = 0.000) and FPG (P , 0.05) compared to baseline was observed; however, a more rapid decline in HbA 1c levels (P , 0.05) was achieved with glimepiride (80-90 days) compared to pioglitazone (140-150 days). The study concluded that in poorly controlled T2DM patients on metformin monotherapy, addition of glimepiride was associated with faster glycemic control, lower total cholesterol, and low-density lipoprotein (LDL) as well as reduced short-term health care costs compared to the addition of pioglitazone, which was associated with a higher rate of peripheral edema (4% vs 1% with glimepiride).
Comparison with other sulfonylureas
Glimepiride has been compared to other SUs, including glibenclamide, glipizide, and gliclazide in several clinical trials.
Glimepiride 1-8 mg/day was found to be as effective as glibenclamide 1.26-20 mg/day in lowering FPG, PPG, and HbA 1c . Dills et al evaluated the efficacy of glimepiride (#16 mg) and glyburide (#20 mg) as monotherapy in 577 patients with T2DM. 36 There was no significant glycemic difference between FPG, PPG, or HbA 1c in both study groups after the 1-year treatment period. However, the incidence of hypoglycemia was lower with glimepiride (1.7%) than with glibenclamide (5.0%) (P , 0.015).
Another multicenter, prospective, double-blind study comparing glimepiride (1 mg daily, n = 524) and glibenclamide (2.5 mg daily, n = 520) by Draeger et al showed similar results. 37 Glimepiride provided equal glycemic control compared to glyburide, with mean FPG and HbA 1c of 174 mg/dL and 8.4% for glimepiride and 168 mg/dL and 8.3% for glibenclamide. Additionally, in this study, glimepiride caused fewer hypoglycemic symptoms compared to glibenclamide. Glimepiride was associated with significantly smaller increases in fasting insulin (P = 0.04) and C-peptide (P = 0.03) concentrations than glyburide. In this trial, 11% of glimepiride-treated patients experienced 105 hypoglycemic episodes, and 14% of the glibenclamide treated patients experienced 150 such episodes. 16 Schernthaner et al compared once daily gliclazide MR and glimepiride in patients with T2DM. 38 In this double-blind, 27-week parallel group study, 845 subjects were randomized submit your manuscript | www.dovepress.com Dovepress Dovepress to either gliclazide modified release (MR) 30-120 mg daily or glimepiride 1-16 mg daily as monotherapy or in combination with their current treatment (metformin or α glucosidase inhibitor). Efficacy was evaluated based on HbA 1c and safety by hypoglycemic episodes using the European Agency definition. HbA 1c decreased similarly in both groups from 8.4% to 7.2% in patients on gliclazide MR and from 8.2% to 7.2% in patients receiving glimepiride. The study concluded that glimepiride is as effective as gliclazide MR either as monotherapy or in combination therapy; however, the safety of gliclazide MR was significantly better in terms of hypoglycemic episodes compared with glimepiride. 38 Another study using glimepiride or metformin as monotherapy observed changes in serum sialic acid in patients with T2DM over a period of 12 months. The study concluded that there were no statistically significant differences between groups. 39 
Glimepiride in combination with insulin
Patients who fail to achieve good glycemic control on combination therapy may require insulin. 40 Glimepiride is the only SU currently approved by the FDA for combination therapy with insulin. Several studies have demonstrated that a combination of insulin and glimepiride results in a decreased requirement of insulin and good glycemic control. [38] [39] [40] [41] [42] In a 24-week study of obese patients not adequately controlled by maximum doses of SUs, addition of insulin was compared to insulin + placebo. 41 Subjects were randomized to receive insulin and either glimepiride 16 mg/day or placebo, and the insulin dosage was titrated to achieve FPG of 100-120 mg/dL. The two groups showed similar HbA 1c and FPG at the end of the study period. However, the group receiving insulin + glimepiride required less insulin (48 vs 78 U/day) and FPG was lowered more rapidly after 2 and 4 weeks of treatment than in the insulin/placebo group. 41 Thus, insulin sparing properties are greater with glimepiride than with other SUs.
Another study conducted in 695 poorly controlled patients with T2DM assessed the safety and efficacy of glimepiride with NPH or glargine. Patients were divided into three groups to receive bedtime NPH, bedtime glargine, or morning glargine for 24 weeks in addition to 3 mg of glimepiride. HbA 1c improvement was observed more with morning insulin glargine than with NPH insulin (P = 0.001) or bedtime insulin glargine (P = 0.008). The study concluded that the risk for nocturnal hypoglycemia was lower with glimepiride in combination with morning and bedtime insulin glargine than with glimepiride in combination with bedtime NPH insulin. 43 
Combination of glimepiride with dipeptidyl peptidase-4 inhibitors
Recently, several new classes of hypoglycemic agents have been introduced, including glucagon like peptide-1 and dipeptidyl peptidase-4 (DDP-4) inhibitors. These agents improved glycemic control in T2DM patients either as monotherapy or in combination with SU, metformin, thiazolidinedione, or insulin. [44] [45] [46] Glimepiride can be used in combination with metformin and DDP-4 inhibitors if glycemic control is not achieved with a single or with two agents (Figure 1) . Studies have reported an equal efficacy for glimepiride plus metformin vs vildagliptin/sitagliptin plus metformin in terms of HbA 1c reduction. [47] [48] [49] Although DDP-4 induces less weight gain and hypoglycemia compared to glimepiride, further long-term follow-up studies are needed to determine their safety and efficacy.
Advantages of glimepiride compared to other SUs
Hypoglycemia and weight gain are two important disadvantages of SU therapy; however, the unique properties of glimepiride may provide advantages over other currently available insulin secretagogues.
Glimepiride is generally well-tolerated, and its safety has been reviewed in various randomized clinical studies involving more than 5000 patients. Data from these clinical trials indicate that the overall incidences of adverse events associated with glimepiride are generally lower compared with other SUs. 15, 16, 36, 37, 50 Hypoglycemia Severe hypoglycemia is a potentially life-threatening condition and is typically associated with SUs; however, glimepiride differs from older agents in this class, as it is associated with equivalent metabolic control and lower stimulation of insulin secretion.
In a prospective analysis, frequency of severe hypoglycemia with glimepiride was compared with glibenclamide in T2DM patients. 51 In this 4-year population-based study, blood glucose levels of all 30,768 patients who attended the emergency department of the region's central hospital were determined to identify severe hypoglycemia, which was defined as blood glucose level of ,2.8 mmol/L or a requirement for intravenous glucose or glucagon injection.
The results showed that although glimepiride was prescribed more frequently than glibenclamide (6976 vs 6789 persons-years), glimepiride induced fewer episodes of hypoglycemia compared to glibenclamide (6 vs 38 episodes). The study concluded that in routine clinical practice, glimepiride submit your manuscript | www.dovepress.com
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is associated with fewer episodes of severe hypoglycemia; the risk can be minimized if individual targets are determined before prescribing this medicine. Glimepiride has been shown to induce a statistically significant decrease in C-peptide and insulin levels compared with glibenclamide, which may explain the reduction of hypoglycemia during and after physical exercise; 52 however, the risk of hypoglycemia is increased with concomitant use of other antihyperglycemic agents. Similarly, advanced age, renal, hepatic, and/or cardiovascular comorbidities may increase hypoglycemia risk; this drug should be used with caution in these patients. 53 weight gain
Most patients with T2DM are overweight. 54 In these patients, weight reduction results in considerable improvements in their clinical and metabolic profiles, including HbA 1c . Weight gain is considered a disadvantage of SUs, thiazolidinediones, and insulin; however, studies suggest that glimepiride has a weight-neutral effect on patients with T2DM. 55, 56 Several observational cohort studies have shown considerable weight loss with glimepiride. In one study, an average weight loss of 3 kg was reported after 1-5 years of glimepiride, 56 while in another study, treatment with glimepiride resulted in weight loss of up to 2.2 kg within 8 weeks. 55 The effects of glimepiride or glibencalmide treatment on body weight in patients with T2DM were observed over a 12-month period in a retrospective observational cohort study. 57 In this study, mean weight loss and reduction in body mass index from baseline to the end of the study period were greater with glimepiride compared to glibenclamide ([−2.01 ± 4.01 kg/−0.7 ± 1.4 kg/m 2 ] vs [−0.58 ± 3.7 kg/−0.2 ± 1.3 kg/m 2 ]; P , 0.001). The study concluded that initial treatment of T2DM with glimepiride was associated with a significantly greater decrease in body weight and body mass index than treatment with glibenclamide, while providing equivalent glycemic control. 57 Weight gain associated with therapies for managing T2DM is an important consideration in clinical practice and a major limitation in achieving good glycemic control. Glimepiride differs from other agents in this class in that it is associated with equivalent metabolic control with weightneutral effects on patients with T2DM.
The exact mechanism of the weight-neutral effects of glimepiride has not been established; however, lower stimulation of insulin secretion in response to glimepiride compared to other SUs have been implicated. 52, 58, 59 Additionally, glimepiride has many extra-pancreatic glucose-lowering effects, 52, 59, 60 including decreased endogenous glucose production as well as improved peripheral glucose uptake. 21 These effects may explain the weight loss or weight neutrality associated with glimepiride use.
Dosage and administration
The starting dose of glimepiride is 1-2 mg typically taken before breakfast. The dose is adjusted according to self-monitoring of blood glucose levels and is gradually increased until glycemic control is achieved. The maximum recommended dosage is 8 mg/day, 61 although doses up to 32 mg/day have been used in clinical trials. Typical maintenance dosages are 1-4 mg/day. However, higher dosages (6-8 mg/day) have been found to be associated with reduced mean HbA1c before and after treatment.62 It may also be combined with other treatment modalities for T2DM, including insulin in patients who are not controlled with SUs. However, the combination of insulin and glimepiride requires a lower initial dose of insulin.
63
Glimepiride in special situations
Glimepiride appears to be well-tolerated in patients with T2DM, including the elderly. However, it should be used cautiously in elderly, debilitated or malnourished patients. Although it can be used in renal insufficiency, patients should be monitored for signs and symptoms of hypoglycemia and lower doses of glimepiride should be used in these situations.
Conclusion
Glimepiride is a second-generation sulfonylurea which can be used as monotherapy or in combination with other antihyperglycemic agents, including insulin. It is the only SU currently recommended for use with insulin. The safety and efficacy of glimepiride has been confirmed in various controlled studies and it is associated with a lower risk of hypoglycemia and weight gain compared to other SUs.
Glimepiride is effective in reducing FPG, PPG, and HbA 1c levels and is a useful, cost-effective treatment option for managing T2DM.
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